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introduction 


The purpose of this report is to analyze the technological changes 
which are occurring in the Canadian economy, and to outline some of their 
manpower effects. The discussion will be based on the research that has 
been undertaken to date by the Manpower Resources Division of the Economics 
and Research Branch of the Department of eae as part of a broad manpower 
training research program. Although this research has not been completed, 
it does throw some light on two major aspects of technological change: 

(1) its general effects on employment and output; and (2) some of its 
particular effects on occupations and skill requirements. 

Much has been said and written about technological change and its 
effect on workers in recent years, Discussion of the subject has generated 
both emotion and speculation, The primary reason for increased interest and 
concern is that technological change, as it has been exnerienced in the last 
decade or so, has differed in at least two important respects from that which 
took place in earlier years. Innovations have recently been introduced at an 
accelerating pace, and some of the innovations themselves have differed 
markedly in character from those which previously occurred. It is the 
rapidity and the rather different nature of technological change over the 


past decade which has led to apprehension about it and its effects. 


A second reason why technological change merits consideration 
today is that it is turning industry's manpower requirements in some new 
directions. It is clear, for instance, that needs for highly skilled and 


technical manpower have been increasing while requirements for many other 
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a ee 
occupations have been lagging. As a result, trained manpower today is basic 
‘to the effective economic develooment of Canada to a much greater degree than 
in earlier years. If our needs for trained manpower are to be met, it is 
important that a clear picture be developed of our changing manpower require- 


ments and of their implications for education and training. 


This report will review the kinds of technological changes which 
have been occurring in recent years in five selected industries in which 
research studies have been made. The general effects of these changes on 
employment and output will be discussed, as well as their specific effects on 
individual occupations. The kind of technological changes occurring in busi- 
ness offices will then be outlined and their effects analyzed. A few comments 
will then be made on the changing occupational structure of the labour force 
in this country during the past several decades so that the specific occupa= 
tional trends discussed earlier can be seen against the broader setting of 
what is taking place generally. finally, in some concluding observations an 
attempt will be made to spell out some of the implications of the information 


and data presented as far as employment and training are concerned. 


The Department of Labour has been studying changing requirements 
for skilled and technical manpower and the reasons for them since the summer 
of 1956. At that time a skilled manpower training research program was initi- 
ated by the Davexiient in cooperation with other directly interested federal 
and provincial agencies, management and worker organizations, and other bodies. 
Its objective was to obtain information on changing needs for professional, 
skilled and other types of manpower in Canadian industry, on the available 


supplies of these types of workers, and on the adequacy of existing training 


- 3» 
facilities in industry snd public institutions to meet the emerging needs. 
The various manpower effects of technological change have formed an important 


part of this research program. 


This work has been under the general direction of an interdepart- 
mental. skilled manpower training research committee. In 1957, an advisory 
committee on technological change was established in order to assist ths 
interdepartmental committee in identifying the problems requiring attention 
in the area of technological change, and to suggest types of studies most 
needed in this field. The advisory committee is composed of individuals from 
management, organized labour, government, universities and a few dinar inter- 


ested agencies. 


Before discussing some of the technological changes which have been 
taking place during recent years, it is necessary to say a few words about 


the meaning of this term. 


The phrase “technological change" suggests for most people such 
important events as the invention of the steam engine, the printing press, or 
the wheel. These events, which greatly affected the development of civiliza- 
tion, were indeed outstanding examples of technological change. In considering 
such changes, however, at the present time, it must be kept in mind that most 


of them are small, although in their total effect they have great significance. 


Most technological change in industry can be classified into the 
following types: (1) new products; (2) changes in old products to increase 


their marketability or to make production easier and cheaper; (3) new materials; 


Peay f 
(4) new sources of power; (5) increased mechanization or automation of produc- 
tion processes; (6) communication and other services; (7) the use of computing 


machines; and (8) changes in plant organization and layout. 


The ongoing process of industrial development usually involves the 
introduction of more than one of these changes at a time. Use of a new 
material may require a new production process. Use of a new source of power 
may involve a change or at least an increase in mechanization. The intro- 
duction of a new product may well bring about many different technological 


changes in a plant and an industry. 


If the purpose of this report were to develop an abstract theory of 
technolocical change, it would be desirable to begin with a precise, unambi- 
guous definition of the term. This is, however, not the concern here. It is 
rather to discuss the broad types and processes of technological change in 
selected industries. For this pucnose, it is sufficient to bear in mind 
that technological changes are numerous and heterogeneous in character 
affecting different parts of the economy in different ways. 
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Recent Toachn> oviiaal Changes in Five Industries 
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During the last three years, the Department of Labour has been 
carrying out field studies of technological changes and their effects in five 
industries. The industries studied, and cn which the following analysis will 
be based, are electrical and electronics, heavy machinery, household appliances, 
automobile manufacturing, and automobile parts. Interviews were conducted in 


from five to twenty plants in each of these industries. The plants visited 
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were located in Ontario and Quebec, and the interviews were with the principal 
management officials as well as with a number of union officials in the case 


of the last two industries. 


Reports have been issued, under the auspices of the interdepartmental 
committee mentioned earlier, on the studies undertaken in each of these five 
industries. They are included in numbers 2, 3 and 8 of the Skilled Manpower 
Training Research Program series. Copies can be made available to anyone 


interested. 


Information was obtained on technological changes in each plant 
during recent years, in as much detail as possible, and on the effects of 
these changes on employment and occupations. Data were also obtained on 
the composition of the working forces in each plant by department and occupa- 
tion, as well as on the types of trainirg activities carried out in the plants 


surveyed. 


It is necessary to point out that the information collected on 
specific technological changes represents only a part of a larger number of 
such changes which have taken place in recent years in the plants visited. 
Although efforts were made to obtain a complete story, it is possible that 
many small changes, for example, were forgotten and so were not reported. The 
relatively large changes, on the other hand, might have created an impression 
which lasted for some time so that those concerned remembered them clearly and 
were able to recall them in detail. Thus, the cases on which information was 
obtained may not be representative of the total universe of such changes. 
Nevertheless, it is felt that the findings show quite clearly the broad scope 


of the changes which have been taking place and something of their character. 
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Another word of qualification is necessary. This analysis concen- 
trates exclusively on the direct effects of specific changes, that 1s, on their 
effects on the workers directly involved in the productive operation studied. 
The secondary manpower effects are not reported although attention is called to 
their importance in reports of the studies made. These secondary manpower 
effects could occur in the plant where the change was initiated or in an out- 
side plant within or without the same industry. The two main difficulties in 
Getermining such secondary effects in any precise way are implicit in their 
nature. First, the secondary effects of any specific change in technology 
have a ciffused character and are not readily identified wherever they occur 
as having resulted from the particular change wider study. Second, time lags 
of various durations occur between the change and the primary effects on the 
one hand and the secondary effects on the other. These time lags tend to 
obscure further the relationship between specific technological changes and 


their full manpower effects. 


The specific changes on which information was secured in the five 
industries studied were analysed in terms of the 'type' of change they 
represented. To some extent at least, each of the different types of change 
has its own characteristic manpower effects, and this information in conjunc~ 
tion with the frequency with which the various changes were encountered 
provides some insight into the manpower implications of the changes taking 


place. 


The technological changes on which information was obtained are 
presented by type and frequency in Table 1. It is clear from this table that 
the most common type of technological change differed in each of the indus- 
tries studied. In the case of the electrical and electronics industry, it 


was the introduction of new products or operations. The installation of 
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Table 1 
CLASSIFICATION OF SPUCIFIC EXAMPLES OF TECHNOLOGICAL CHANGE 
IN FIVE MANUFACTURING InpUSTRIES (1) 
Electrical & Household Heavy Auto 
Electronics. Appliances Machinery Parts Automobile 
TOTAL eoeoeoeveevpeeeoeoeoeaeseaeve eee @ 38 LA a5 719 62 
Improved Tooling seccccosese 0 6 ne 3 4 
Automatic and Semi-Automatic 
Machinery Chiteeeeceguaker LU 23 4 8 6 
Integrated Materials Handling. 2 10 @) 2 | 
Automatic Controls sescerees 0 8 2 8) 3 
Changes in Product Design and/ 
or Methods of Fabrication. 5 a3 - | 9 8 
Use of New Materials eseeeteoenv 3 19 4 2 2 
Improvement in Non-Automatic 
Machinery CooR SLO oCKREOH OC ES 2 3 3 AL als} 
Improved Hand Tools eecceseress 0 ) 0 0 2 
Improved Materials Handling... 2 13 @) 10 14 


Introduction of New Product 
or Operation sesscecceseesys 12 a 5 4 3 


Redesign + Integrated 
Materials Handling eecseseee O 0 0 0 2 


Improved Inspecting or Testing 
Equipment @eeeaeouvueoeoeneeoe0ea02000 2 3 ake) O ak 


Changes in Materials and 
Changes in Prod. Technique. 0 5 - 0 1 


(1) Based on information obtained from selected large firms located in 
Central Canada, 1956-1960. 


eae 

automatic and semi-automatic machinery was the most common type of change in 
the household appliance industry. Improved inspecting or testing equipment 
was the most frequent kind of change in the heavy machinery industry. 
Improvements in non-automatic machinery were the most common type of change 
in the automobile parts industry, while improved materials handling and 
better non-automatic machinery were of approximately equal importance in the 


automobile manufacturing industry. 


The installation of automatic and semi-automatic machinery, changes 
in product design and/or methods of fabrication, and the introduction of new 
products or operations were all types of technological change which occurred 
with at least some frequency in all five of the industries studied. It is 
interesting to note that one of the moat dramatic kinds of technological 
change, the integration of materials handling through the use of transfer 
equipment, was found in four of the five industries studied. Another rela-~ 
tively advanced type of technolor-ical change, the use of automatic controls, 
was found in three of the industries, although not very extensively. Attention 
might also be drawn to the frequency with which new materials are being intro- 


duced in the household appliance industry. 


Some of these changes obviously involve many more workers than do 
others. For this reason their full significance can be appreciated much 
better when their effects on employment are indicated and some examples are 


given to illustrate them. 


The use of automatic machinery usually eliminates a significant 
proportion of semi-skilled workers previously engaged in this type of 


operation. In some cases, more maintenance personnel are required to stand 


~19 w= 
by continuously because of the considerably increased cost stemming from any 
prolonged breakdowns. The calibre of maintenance personnel needed tends to 
rise ae competence in several related maintenance trades comes to be 


preferred. 


An example of this type of change is the installation of an 
automated plating machine in one firm. Before the installation of the 
machine, 39 men plated a given square fcotage of surface in one day. On 
the automated equipment, 23 men were able to load, unload and inspect the 
same square footage. Three maintenance mechanics, however, were subsequently 


required to be in attendance all the time to prevent or repair breakdowns. 


Greater use of integrated materials handling equipment usually 
eliminates the jobs of unskilled materials handlers or increases the output 
significantly of processes utilizing sem!-skilled workers. Normally, 
maintenance requirements rise after the installation of such transfer machines. 


In some cases full-time maintenance is needede 


An example of this type of change is the installation of transfer 
machines in automobile hood stamping cperations. Before this plece of equip- 
ment was installed, 13 men were working on this operation, whereas afterwards 
only 6 were involved with an output which increased by 40 per cent. Maintenance 
requirements increased and the calibre of maintenance personnel attending to 


the equipment was higher. 


In the industries examined, the increasing use of automatic controls 
has had a limited effect on manpower. By automatic controls are meant devices 
(mechanical, electrical, hydraulic or otherwise) which regulate the operation 


of a machine or piece of equipment. These devices do, however, often result 


AO a 


in a substantial improvement in the quality of the final product. If manpower 
displacement occurs, it tends to be concentrated within the inspection staff. 
There is some increase in maintenance requirements in respect to the control. 


mechanisms. 


A change in product design and/or methods of fabrication can affect 
the number and types of workers in various wayse It can have a far-reaching 
effect on manpower requirements, as in the case of the use of printed circuits 
in the electronics industry which reduced the need for solderers and other 
types of semi-skilled workers. Ancther example is the substitution of 
induction heating equipment for ordinary gas furnaces in the extrusion of 
valves in an automotive varts company. This change eliminated the heater 
operator and thus meant a saving of manpower, but it also created difficulties 
in the training of hammermen since under the old system the heater operator's 
job was a step in the training process towards the position of hammerman. There 
was a considerable increase in this case in electrical maintenance on the high 


frequency generator units. 


The installation of improved non-automatic machinery is a type of 
change whereby a newer and faster machine replaces an older lower-capacity 
one. Usually, output is increased sienificantly in the operation concerned 
which may or may not reduce total employment, depending on the level of total 
production which is maintained after the change. No occupational or skill 
changes of any significance occur and maintenance requirements do not seem to 


change significantly. 


ao a 
An example of such a change is the replacement of a milling machine 
with a broaching machine for the finishing of gasket surfaces on a cylinder 
block. The milling machine, in this example, finished 35 units per hour with 
one operator, while the broaching machine which replaced it had a production 


rate of 75 units per hour with one operator. 


The introduction of a new product or operation usually constitutes 
an addition to the activities of an establishment. As such, it raises man-~ 
power requirements in most categories of employment, proviced the work force 
engaged in producing the other products is fully utilized. Wherever additional 
activities are commenced, the establishment invariably adopts the most up-to- 


date techniques that are appropriate to the planned level of output. 


An example of this type of change is the recent commencement of V-8 
engine production in a large establishment. This created employment for 
approximately 300 people, out of which about 40 per cent were in skilled 
occupations. The large proportion of skilled jobs reflects the very high 


degree of mechanization and integration of this production process. 


This is perhaps sufficient by way of example to convey the flavour, 
as it were, of what has been happening in the five industries studied and, 
undoubtedly, in many other industries to a greater or lesser degree. It 
should be noted that manpower requirements in the industry in question are 
frequently reduced, that ousput almost always increases either in quantity or 
quality or both, and that needs for semi-skilled workers tend to drop, while 
those for skilled maintenance workers and some other highly technical groups 


frequently rise. 


Peg, 5 ei 
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General Effects of Technological Change on Employment and Output 


The studies carried out to date indicate that associated with these 
technological changes have been substantial increases in productivity in all 
of the industries surveyed. One of the prime reasons, of course, for making 
technological changes is to increase the volume of production or to lower unit 
costs. One of the best indications, therefore, of the effects of technological 
change on employment would be data on changes in output per worker. Unfortu- 
nately, in Canada government statistics of this kind have not yet been developed 


to the point where they can be used for this purpose. 


It is possible, however, to give some indication of changes in output 
per worker by reviewing trends in employment and voiume of production in the 
industries studied. Since production and employment can vary considerably from 
one year to the next, a better appreciation of the underlying trends can be 
obtained by averaging three of the most recent years for which data are avail- 
able, 1957-1959, and comparing this average with the situation in 1949. The 
following information is developed on this basis. It should be mentioned that 
these data refer to all establishments in the industries covered rather than 


only to those which were visited in the studies on technological change. 


The data indicate that in all five industries the physical volume 
of production increased considerably more than did total employment. A glance 
at Chart 1 shows this. In the motor vehicle industry, the volume of production 
increased by 50 per cent, while employment rose by 11 per cent; in the motor 
vehicle parts industry the comparable figures were 20 per cent and 7 per cent; 


in the electrical apparatus industry the figures were 82 per cent and 41 per 
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Chart J 


EMPLOYMENT AND QUTPUT TRENDS IN 
FIVE MANUFACTURING INDUSTRIES, 1949 to 1957-59 
(1949 == 100) 
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Source: D.B.S. data on volume of production and employment. 
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cent respectively; in the machinery industry they were 34 per cent and 17 per 
cent respectively; and in the housahold appliance industry volume of production 
increased by 54 per cent and total employment rose by 19 per cent. In addition, 
there were also declines in hours of work over the same period in at least 


some of these industries. 


Another general employment effect noted was the relative decline 
in direct production labour and the relative rise in indirect labour. Direct 
production labour includes all employees except exeautivenaud supervisory 
officials, managers, professional and technical employees, superintendents and 
factory supervisors above the working foreman level, those engaged in retail 
or wholesale sales, new construction, and clerical staff. Information here 
is only available for three of the industries studied and covers the period 
1948-1958. In the automobile industry, direct production labour as a propor- 
tion of total employment declined from 83 per cent to 73 per cent over this 
period, whereas indirect labour rose from 17 per cent to 27 per cent. In the 
automotive parts industry, direct labour also declined, but to a lesser extent, 
dropping from 84 ver cent to 78 per cent over this pericd. In six plants for 
which statistics are available in the household appliance industry, direct 
production labour declined from 78 to 68 per cent of total employment over a 


comparable period. 


The increase in productivity and the changes in the proportion of 
direct and indirect labour give some indication of the effects of techno- 
logical change on manpower. It must be remembered, however, that productivity 
trends Gepend on other factors as well--changes in quality, changes in 'make or 


buy! policies, variations in volume produced and hours worked, all are additional 
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factors which affect productivity. The only statement which can safely be made 
is that a large proportion of the apparent changes in output per worker in the 


industries studied can be ascribed to the effects of technological change. 


The implications of a sizable increase in productivity are several. 
First of all, it means that a given work force is now able to produce a greater 
volume of output than previously. It further means that any given expansion of 
production would induce a slower increase in total employment than would have 
been the case before the introduction of technological changes, thus reducing 
employment opportunities for new entrants into the industry. If no expansion, 
or too slow an expansion of output occurs, it may result in a reduction in the 
number of jobs in a plant. The impact of displacement will be eased if the 
industry itself is growing, if other industries dependent on it are developing 
(iee., service stations, garages, highway building, tourism), or if employment 
in the economy as a whole is exvanding. Ina time of recession, however, its 


impact will be more severely felt. 


A sizable gain in productivity also usually indicates a considerable 
increase in capital investment per worker. Such an increase in capital invest- 
ment tends to expand employment opportunities in such areas as maintenance and 
the capital goods industries. Although increased employment opportunities in 
maintenance and other areas of work are evident in Canada, it is important to 
note that expansion of employment in the capital goods industries as a 
potential offset to possible displacement is minimized because in several 
industries the bulk of production machinery is imported from other countries, 
being designed and manufactured elsewhere. In the five industries studied, 


this fact was particularly evident. 
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The relative decrease in direct production workers and the increase 
in indirect labour have pushed the over-all skill level of employment upwards. 
This has been brought about partly by the fact that displaced labour is more 
apt to be semi-skilled or unskilled workers engaged on production work, where 
the manpower impact of technological change is usually concentrated. A 
second contributing factor is that new products, improved and more complex 
production methods, greater quality control, and increasing research and 
development, all have resulted in a need for more technical specialists on the 
indirect labour side, such as engineers, technicians of many kinds, and a wide 
range of other staff specialists. In the patoneot industry, for example, 
salaried employment increased substantially from 1948 to 1958. In manufac- 
turing administration, in particuler, there was a fast rate of growth due to 
expanding functions such as production pianning, scheduling, quality control, 


complex inspection and time study. 


Employment in the engineering departments of Canadian automobile 
firms seemed to experience a relatively slow rate of expansion from 1948 to 
1958. One of the reasons for this is that a considerable portion of the 
engineering work is and has been done by parent companies outside of the 
country. A similar situation occurred in the household appliance industry. 
The need for engineers was, however, more pronounced in the electrical and 
heavy machinery industries, where more research and more development work were 


being carried out. 


The more complex machinery and equipment being used in manufacturing 
plants as a result of technological change have resulted in increased main- 


tenance. Greater stress is being placed on preventive maintenance to reduce 
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costly production breakdowns. The level of skill required of maintenance 
workers is tending to rise because of the demand for knowledge of electronics 
on the part of electricians, and a knowledge of hydraulic and pneumatic systems 
by machine repairmen. Maintenance welders are required to deal with a greater 
variety of here seer with new welding techniques. Similar trends are occurring 


in many other slilled occupations. 


Toolroom operations have gained in importance. More complex machines 
increase the number of tools required. More frequent model changes also require 


tools and dies to be changed more often. 


Inspection has generally increased in importance both in terms of 
numbers of workers and in upgrading cf skills. Quality control techniques are 
becoming more complicated, involving in vurious cases statistical quality 
control, x-ray inspections, ultrasonic testing, and hardness testing. The level 
of education required by the insrection staff is consequently rising. There are, 


of course, many inspection functions which are still routine in nature. 


Assembly operations, generally speaking, have not yet been greatly 
affected by changes in production techniques, for the reason that these 
operations have thus far lent themselves less readily to integrated mechaniza- 


tion than have machining operations. 


Automatic transfer equipment and conveyor systems have replaced 


much unskilled labour formerly employed in materials handling. 
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Effects of Technological Change on Specific Occupations 


So far, attention has been directed at the general effects of tech- 
nological changes on employment. It is important to know more specifically 
what kinds of occupations are being affected, both quantitatively and quali- 
tatively, so that a clearer appreciation of the displacement and training 


consequences of technological change can be gained. 


The incompleteness of the data on employment by specific occupations 
obtained through interviews and the fact that what were obtained covered time 
periods of various duration, prevented a full analysis of this subject from 
interview reports. Consequently, data obtained from the Department of Labour's 
Annual Wage Rate Survey were used for this purpose. In this survey, data are 
reported by individual establishments on the number of workers at each rate of 
pay in selected occupations. Short descriptions of the occupations fcr which 


information is requested are nrovided. 


This information for the five industries studied over the period 1950 

to 1959 is summarized in Chart 2. Again it should be noted that the data do 

not cover all reporting establishments in the industries selected, but only 

the large ones. The trends shown here, therefore, may not be indicative of 
what is happening in small establishments. The larger firms, however, account 
for the majority of employment in the industries studied. The analysis is 

based on average employment in eauh occupation in the first and last three 

years of the period for which data are available. Table 2, at the end of this 


report, provides in greater detail the data shown in Chart 2. 
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PERCENTAGE CHANGES IN AVERAGE EMPLOYMENT 
IN FIVE MANUFACTURING 
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INDUSTRIES” 


BASED ON AVERAGE EMPLOYMENT FOR 1950-52 AND 1957-59 
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The chart shows that, while total employment in selected large plants 
in the five industries declined slightly over the approximately seven-year 
period, office employment (clerical, administrative, and professional employees) 
increased substantially, and non-office employment (the remainder) showed a 
sizable drop. This was true in each of the five industries, as well as in 


total. 


In the case of the individual occupations, there is considerable 
variation in the changes taking place in the different industries. Neverthe- 
less, an underlying pattern emerges which is shown in Chart 2. The only 
office occupations covered by these data and shown on the chart are the 
clerical ones. No data are available on professional and sub-professional, 


technical and other specialist office occupations, except draughtsmen. 


Amongst clerical occupations, clerks showed the slowest rate of 
growth, but even this was greater than over-all total employment in the plants 
covered by these data. The other clerical groups shown increased more rapidly, 
in some cases much more rapidly, than clerks. Only one of them, however, 


bookkeepers, increased more than did total office employment. 


The chart, therefore, incicates what was happening not only in the 
occupations covered but also in those for which no data are available. It 
suggests that there must have been a very considerable increase in non-clerical 
office occupations. The 50 per cent rise in draughtsmen is an indication of 
this. Even greater gains must have occurred over the period in many of the 
professional, highly technical, administrative, and staff specialist occupa- 
tions for which data were not secured in the annual survey. Many of these are 
undoubtedly among the fastest growing occupational fields in the labour force 


today. 
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Returning to the clerical group, it should be pointed out that the 
larger growth rates indicated for the various office machine operators as 
compared with clerks reflect the increasing mechanization of office work, and 
point up the differential impact that technological change is having on these 


two groups of workers. 


Diverse trends were evident among maintenance occupations in the 
Gifferent industries, but again a general pattern emerges. By and large, 
these occupations were growing relatively fast. The most rapid growth was 
shown by pipefitters, millwrights, and maintenance mechanics. The picture fer 
tool and die makers is obscured, to some extent, by the practice of subcon- 
tracting this work to Job shops which is developing in some industries. The 
only occupation in this group showing a decline was carpentry. This may be due 
partly to varying amounts of construction work and partly to more skilled work 


of this nature being contracted out. 


Turning to production workers, the tendency for changes to vary in 
the different industries is even greater, but general patterns can still be 
seen. The large increase in power truckers is associated with, but does not 
account for, the declines in labourers and truck drivers. Reference has 
already been made to the expansion in inspection work, and the marginal impact 
of technological change in these industries on assembly operations. The 


growth of production welders was heavily concentrated in the automobile industry. 


The decline in machine operators occurred in the electrical, automobile 
and automobile parts industries, where mechanization of these operations has been 
considerable. The rowing mechanization of foundry work, and of painting and 


plating operations, accounts mainly for the other declines shown. 
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It must be emphasized that this chart and table do not cover all 
occupations in the various groups indicated. The occupations shown, however, 
are sufficiently numerous to indicate in some detail the occupational areas 
which are growing, declining or remaining relatively stable. The shift in 
the occupational structure of these industries towards non-clerical white- 
collar occupations and, in the plant, to the maintenance trades and some pro- 
duction tradesmen is clearly evident. These shifts are further evidence of 
the growing emphasis in manpower requirements on relatively high degrees of 
skill, technical knowledge, and specialist training of various kinds. 
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Office Automation and Its Employment Effects 


CY Se ES 


One of the most dramatic changes that has takén place in the Canadian 
labour force since the turn of the century is the rise in clerical employment 
from the ninth to the second largest broad occupational group. As the clerical 
work force has grown, its composition has changed. In 1901, 67 per cent ofjvall 
clerks were men. By 1960, a little over 61 per cent of a vastly increased 
clerical work force was made up of women. The male workers in these occupations 
now tend to cluster in the supervisory and more mechanical jobs, while women 


make up the great bulk of workers in typing, stenographic and secretarial jobs. 


Fundamental changes are also occurring in the nature of clerical work 
itself. The classical spfetyen of the clerk dates from before the turn of the 
century when the black-coated worker, with visor and sleeve guards, accounted 
for the paperwork needed in the small family undertaking or partnership. As 
businesses grew in size, the organizational expedient adopted to handle the 
increased paperwork was that of a cepartmental breakdown based on function or 


geography into manageable individual and group work components. This was the 
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trend through the first five decades of this century, which necessitated and 
explains the dramatic expansion of clerical employment. The problems which 
consequently developed were those of communication, co-ordination, and control. 
Mechanical data processing and more recently the electronic computer are now 


providing, increasingly, the means whereby these problems are being overcome. 


This break-through in the means of handling clerical work may result 
in a slackening in the growth of clerical employment. From 1941 to 1951, for 
exanple, about 50 per cent of the increase in clerical oRiPerient was due to 
the fact that the proportion of such workers in the industries where they are 
predominantly employed was increasing. The other one-half of this expansion 


was due to the over-all growth of these same industries. 


In the more recent decade, however, only 5 per cent of the growth 
which has occurred in clerical employment can be attributed to the increasing 
intensity of their employment in specific industries Most of the growth in 
clerical Santo ens over this décade Was due to the over-all expansion of the 
industries already employing such workers. 

It would appear, therefore, that office mechanization and automation 
are aint accounting for some slackening in the rate of clerical employment 


expansion, and that this trend may well continue. 


The research which has been done to date by the Economics and 
Research Branch of the Department of Labour on the impact of technological 
change in business and other offices on employment has been limited. Although 
cheaninnere of office mechanization and of organizational and systems changes 


on clerical and white-collar occupations is the full area requiring 
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investigation, research has concentrated on electronic data processing, the 
most recent but potentially most significant of all the changes that are taking 


place in the office employment area. 


In the summer of 1958, a case study of the effects of the introduc- 
tion of electronic data processing in a large Canadian insurance company was 
initiated. This study has aimed at obtaining as much detailed information as 
possible on the manpower and other changes which occur when a significant step 
of this kind towards office mechanization is taken. To supplement this 
specific study, a broad survey of the current status of electronic data process- 
ing in Canada at the beginning of 1960 has also been undertaken. A question- 
naire was mailed to all known users of computers at that time to obtain factual 
information on the kinds of work being done by this equipment, the number and 
types of computers in use, the types and sizes of firms using them, and the 
number of people employed in the occupations associated with them. There was 


a 100 per cent response to this survey. 


There were 89 computers of all sizes operating in Canada at January l, 
1960, and these were distributed amongst 69 different organizations at 72 estab- 
lishments. There were 13 organizations operating 2 computers, 1 organization 


operating 3 computers, and 1 operating 4 computers. 


While 89 computers in Canada at the beginning of 1960 may seem a 
small number, it is significant that there were no computers at all in this 
country just four years earlier. Moreover, the number of computers in opera- 


tion has quadrupled in the past two years, and if the present rate of expansion 
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were to continue over the coming decade, electronic data processing could 
become the dominant characteristics of office operations in Canadian business, 
industry and government. 
At present, electronic computers are heavily concentrated in a few 
areas. Almost one-half of all the EDP installations in the country are in 
Montreal and Toronto, and more than three-quarters of the large computer 


installations are to be found in these two cities. 


About one-quarter of all computers are located in manufacturing firms, 
with another one-quarter being in the community service industry which includes 
universities, hospitals, business service firms and computer service bureaux. 
Approximately 15 per cent of all computer installations are in government 
departments and agencies, while an equal number are in financial organizations, 


especially insurance companies. '~ wh prrdomanatt 


Computer applications range all the way from integrated data process- 
ing, including customer billing, on the part of some insurance companies, to 
the calculation of a least-cost feed formula for hogs by a commercial service 
bureau for one of its customers. Approximately one-half of total computer 
time was found to be used for business data processing, and one-half for 
scientific and engineering computations. If the total amount of computer time, 
however, is weighted to reflect the differing capacities of large and small 
installations, commercial data processing applications outweigh scientific 
work by a ratio of 3 to 1. In this connection, it should be pointed out that a 
good deal of the engineering and scientific computation forresearch purposes is 
carried out on analogue computers which were not incluced in the survey on 


which these figures are based. 
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The impact of EDP extends beyond the bounds of the organizations 
presently equipped with such machines. Thirty-one of the 89 installations in 
operaticn in this country at the beginning of 1960 rented out time to a total 
of 116 cther users. This number of other users is impressive, but the propor- 
tion that the total number of hours so rented per week bears to the extent of 


over~ail somputer utilization is small. 


Although it was not possible to indicate how many jobs, if any, the 
89 computers in Canada may have eliminated, the survey found that they have 
created 1,215 full-time jobs that did not exist prior to the introduction of 
EDP. An additional 646 peopl work part-time on the operation and maintenance 
of these computers. It might be added that more than 3 out of 4 of all the 


new EDP jobs are filled by male workers. 


Out of every 100 of the new full-time jobs, 29 are for programmers, 
14 are for administrators, 12 are for commuter operators, 11 are for computer 
technicians, 10 are for project planners, and 24 are a variety of other jobs, 
such as peripheral equipment operators, data typists, tape Mbrarians, computer 


centre receptionists, and those key-punch operators and verifiers whose full- 


time work is preparing input for the computer. 


Except for some of the jobs in the 'other' category, all of these 
new positions are highly skilled in nature. In almost every case, the jobs 
call for technical or administrative specialists of a high calibre who have 
considerable formal education and training and, in most cases, have, in 


addition, varying amounts of specialized training and experience. 
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No attempt was made in this mail survey to assess the actual ar 
potential employment impact of EDP. The conplexity of this feature of EDP 
rendered a mail enquiry respecting it inadequate. This, however, will be one 
of the objectives of further research in this area. It may be of some interest 
to note that total employment in the establishments with computers as of 
January 1960 was approximately 177,000 people. As night be expected, a con~ 


siderable proportion of this total was office employment, about 42 per cent. 


This brief review of the current status of electronic data process- 
ing in Canada is not meant to imply that office mechanization today is solely 
or primarily of this nature. As pointed out earlier, office mechanization 
ranges all the way from the use of typewriters and small desk office machines 
to these large computers. The significance «f electronic computers is that 
they, more than any other innovation in this area, will probably alter very 
significantly the way in which office work is organized and gets done and, 
thus, change the occupational composition of the office work force to a con- 
siderable degree. As indicated earlier, the use of computers and a wide range 
of other high~speed and large~volume office machines is already resulting in a 
slowdown in the rate at which clerical employment has been expanding. 

6. 


Changing Occupationa). Composition of the Canadian Labour Force 


It is helpful to view the specific occupational changes discussed 
so far against the background of the broad occupational trends which have 
been taking place in this country during the last half century. These are 


shown, for the perind 1901 to 1960, in Chart 3. 


ativan’ "pec dad daiticie sinter ash ‘ea tas ae Yo nottrogon sidevebin 


cabnectn, #09 ispnteadinkete ate Sasrpre ed Me sale ‘Yeprd oitT 
wiakon cl wabos nob rdr Indore waste tale ylyat vt tasea cen eb abasad sbapat 
antdes Liesl aee BPSD eteLlrse exo: faindeg tA ~werttnn eld? to yltiem Say ota 
rionbidns cbs eab Cha, Sra geet Ewart "to onde aime Wes eit Lhe ae 
saul? 2! wiatgdimiys otgontonle My ‘ora Vtiogte: alt essrpedasaeno agit emedd ot 
viay tela wWdadom Lily qasrs elit nt golvavorink vedio wie swt erom (yart 
Bok cool ateg bis BeWtange et Ssh eshte dats at ay etd yLoneo tages 
cash ppd aea01 stow nett ts edt Ro-nastindquoo Teve ttagosernit enrato «etd 
ery seclaitniesy sailor oh eer pete seostet soldayebke 

ob nbsiiinen’ yoaetes ok demdlnumn, SOR 


- 26 - 
In this chart, occupations have been grouped into six broad cate- 
gories, of which the two largest are "white collar" and "blue collar". 
Included in the former groun are clerical, professional, managerial, commercial 
and financial occupations, while the latter is comprised of manufacturing and 
mechanical, construction and unskilled labouring occupations. The resource 


group includes fishing, logging anc mining occupations. 


Chart 3, it needs to be added, shows the changing occupational 
structure of the labour force in terms of the percentage which each group is 


of the total at successive decades. 


It can be seen immediately that occupational trends have not devel- 
oped smoothly. Each occupational group has experienced considerable variation 
over the whole period in the proportion which it represents of the labour 
force. White-collar occupations, as a whole, for example, grew very rapidly 
during the decades straddling the two World Wars. Agricultural occupations 
have declined proportionately over the whole period, but it was only after 
1939 that they showed a numerical drop. There have been alternating increases 
and decreases in the proportion of blue-collar workers in the labour force, 
but the net result has been that this occupational group now is about the 
same relative size as it was 60 years ago. Transportation and communication 
occupations have undergone a sizable proportionate increase, service workers 


are up slightly, while resource occupations are down. 


Broadly speaking, changes in the economy's needs for various types 
of workers are a product of the varying rates of growth or decline of industries 
themselves as well as of shifts in the occupational composition of these 


industries. Needs for a certain type of skilled worker, for example, can 


kon pote un ferment pnapeiae gees oie 
doruouat se? soem sewer eee Anolnadsem 


ETS HRS OR CHORD Hebhe ef of wboen i -f taad0 
er query dane dobti: emstancn, eit Yo aunt int sono? modal ad? 20 wnidoente 
piehaedd iedtabentin du indod eit to 


~Lave® don evel etivetd Lanolteqnueoo tad? yletalbeush aces of nao tI 
noltetrey eideriblamoy Beanoiseye> nad quote Lanchtegioso dost eylditoone Bego 
medal ut Y ntnweener +) doliw aobttogesy alt at Bolte ahotw ait reve 
ulhiqet yrev Wem ,ofamare ro? ,alorw o an ben bt eeproe talloo-atidW ,acw? 
envlNaqioce. feiti tim hel .croW biaoW ond ald pxilhbante sobeseb edt gediys 
qette Uric caw St tnd boli afodw ahd aeve watanolitegot, Sratioah sven 
aneanront pkivaorshis aaad phat eral? eae beware Yat tatt COME 
coe) wodal add mk eraot tefkoorale to nelittoqoty sit HP eadveroes Bee 
ei? dyode et vom quomy) Late itpetines wihtd dad? ased ned tuwer dor att tid 
ao itso tte baa wokdpieabaaut ade amioy 00 aew t2 oa ere wviishes omae 


Samii epintae gueaenont ann ae & ecoy toting te aos nqsaee 


Charing 


red 


PERCENTAGE DISTRIBUTION OF THE LABOUR FORCE 
BY MAJOR OCCUPATION GROUPINGS, BOTH SEXES, 
FOR CANADA, 1901 — 1960. 
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change because, (1) the industries which employ them are growing (or declining) 
faster than other industries, because (2) a larger (or smaller) proportion of 
such workers are being employed in the industries using them, or because both 
of these developments are taking place. To understand more fully occupational 
trends of the past, it is useful to distinguish the contribution of these two 


factors. 


The fastest growing component of the white-collar occupations during 
the last 60 years has been the clerical group followed by professional occupa- 
tions. During the last decade, however, professional occupations have out- 
stripped clerical in their growth. Managerial and commercial and financial 
occupations have both increased substantially over the whole period, but not 


as rapidly as the other two groups. 


The outstanding feature of the expansion of clerical occupations 
from 1931 to 1951 has been that about one-half was due to a growth in the 
intensity with which these occupations were used in almost all industries. 
This growth can be attributed to the tremendous expansion in record keeping 
and communications which has been required over recent decades to meet the 
great complexity of mocern business organizations. During the last decade, 
however, almost all of the increase in clerical employment has resulted from 
the expansion of those industries which already employed a large proporticn 
of these workers. In other words, the tendency for specific industries to 
employ clerical workers in greater proportions seems to have slackened con- 


siderably over recent years. 


The picture is somewhat different for professional occupations. 


Over the past 30 years about three-quarters of the growth in professional 
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emoloyment has been due to the expansion of industries which already employed 
these workers to a large extent. This expansion was heavily concentrated in 
government and community service. There has, however, also been a substantial 
increase in the proportion of each industry's labour force which is composed 
of professional workers. This latter trend seems to be continuing. In total, 
both industrial expansion and an increase in the intensity in the use of 


professional workers have contributed to the growth of their employment. 


The expansion of managerial occupations has been due almost entirely 
to industrial expansion, particularly the growth of wholesale and retail trade 


where this occupation makes up more than one-quarter of all those in the industry. 


Commercial occupations experienced their sharpest rate of growth in 
the early decades of this century and since then have continued to increase 
at a comparatively slow rate. The modest rate of increase during the past 
30 years has been largely due to the decline of sales workers in trade. This 
change seems to have been the result of technological cevelepments, such as 
the increasing use in retail stores of self-service techniques and other 


advances in sales procedures and equipment. 


Amongst blue-collar occupations there have been some divergent 
trends. Construction occupations have grown considerably faster than the 
labour force as a whole in recent years, while labourers have declined. Manu- 
facturing and mechanical occupations grew more than any other group from 1931 
to 1951, but since then their proportionate increase has been slower than that 


of the labour force. 
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Many construction workers (i.e., carpenters, painters, plumbers) are 

employed outside the construction industry itself, and this must be kept in 

mind when considering changing needs for these workers. While the proportion 

of construction workers in the industries using them increased considerably 

from 1931 to 1951, this growth slackened during the last decade. In other 

words, construction occupations have continued to grow since 1951 only because 

the industries which already employed them in substantial numbers were them- 


selves growing rapidly. 


In the case of labourers there has been a decline in the employment 
of this occupational group in almost all industries during the last 30 years. 
The decline in the proportion of the labour force in this occupation would 
have been much ereater had not some of the industries employing such workers 


in large numbers undergone rapid growth during the last few decades. 


In the case of agricultursl and resource occupations, by far the 
most significant change has been the tremendous decline in agricultural 
occupations. In 1901 this occupational group comprised 40 per cent of the 
whole labour force. By 1960, it constituted only 11 per cent of the labour 
force. Changes in other resource occupations--fishing, logging and mining-- 


have been proportionately small. 


In summary, the outstanding changes in the structure of the labour 
force over the past 60 years have been the sharp drop in agricultural workers 
and the rapid rise in white-collar occupations. As has been shown, these and 
other changes have not proceeded at an even pace but rather have been subject 
to ebbs and flows. During the past decade, the growth in clerical occupations 


has slackened, the rate of expansion of the professional work force has increased, 
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labourers and unskilled occupations have declined further as a proportion of 
the labour force, and the rate of growth of blue-collar occupations has dropped. 
These broad trends, particularly during the past decade, confirm the changes 
suggested by the earlier and more detailed analysis of technological change in 
this report. 

7. 


Concluding Observations 


It is clear from the foregoing remarks that technological changes in 
the Canadian economy are varied and extensive in character, and that their 


effects on manpower requirements are substantial. 


The wide range in the kinds of technological changes, as defined in 
this report, which are occurring should be noted. The new ideas from which 
they originate do not only emerge from scientific advances. They also arise 
in such fields as siete organization and production engineering, in personnel 
policies and industrial relations, in marketing, and in various other phases 


of specialized business activities. 


The invention of new products is also an important factor. The great 
increase in the production of hi-fidelity and stereophonic record playing 
equipment, for example, has probably resulted more from the stimulation of a 
demand for these products than from any recent basic discoveries facilitating 
their production. Such new demands are, of course, real and legitimate and 
their discovery and development are just as productive and as significant for 


employment as the discovery and development of an ore deposit. 


ott nepiiado Swolynfoadont tadt axa antaporst ait weit anal gh ot 
sheds tect bra vustoarede nk oviemerxs Aap Bebsey wre Yondo> amibaad adi 
sfaktnatedee 9mm etamerincet Teeqace so asoRe 


wk fetta’ ae peapcaic inotgofomiont Y shabt eit at egnitt ebiw ait 
daldwmor? aaoht wen eefT Baton ed Biinte privnisoe ome dedtiy etroqet alte 
welta cata veel? tesa SN taehion ott wets tbo fo oh efankyiio yedd 
Lenowteg ni rEatrasnigen aottouhony bre fo dt on tneyz nate ae eblel? doa alt 
aovati; eribo evoltev al hae «umbieuves at whoktaler Cabstevbsit tae eutobtog 
reat ivivos anantzund Sevtisteege to 


teem si? winton) tuatroqnd an opfa ef adouboty wen to mo ttnevab welt 
sniyalg brocet olinsquenets bas yeResit=id Yo noltoutorg eld ot wanes 
@ to nobtelumbti att Oe ae ee eee Sher Lape 
usiiariftngt eatrovoceth ofead snaoet ye a Rie ETE 


1a @@ aes ae 


Be atmmlt Iya bam Lenn 27098 Mn oe sma wa 
‘m0 sondage x9 Sea SpN ACOA Abe. | at ovelt 
= Ses mm come ten caren tp 


SS oe Spheres» 


we 


et ae 


While some technological changes occur as a result of the emergence 


of a new idea, many others are primarily an adjustment by the firm:to a change 


‘in economic conditions. Those may be changes in the size or nature of the - 


market for a product, changes in the available supplies of productive resources 
such as labour, capital, material, power or transportation facilities, institu- 
tional or behavioural changes such as an increase in foreign competition, a 
change in government policy, or the merging of two or more plants with resulting 


relocations and rationalization of production. 


There can be no doubt that technological changes make possible the 
creation of more and better goods and services, but they also create a set of 


problems for both society and the individuals comprising it. 


Technological change often presents very difficult choices to the 
individual worker. Each alternative way of adjusting himself to an altered 
situation may involve hardship. Retraining necessitates considerable expenditure 
of time, money and energye To move to locations where openings exist requires 
funds, and such a move may necessitate leaving friends and, perhaps, family 
behind. If a worker is strongly attached to the locality, he may prefer to 
take a job there at a lower skill level, with a corresponding loss of earnings 


and lowering of status. 


The effect of technological change on various groups of workers is 
a differential one and is governed by a number of factors. The general level 
of economic activity, the extent to which the establishment that employs him 
shares in the prosperity or depression of the industry, the individual's age 


and seniority, and his occupation and skill are all important. 
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In times of expanding economic activity, it is considerably easier 
to make any adjustments that become necessary because of technological change. 
Provided the company shares in the general nin gupealgetty an affected employee 
can be more readily transferred to other jobs in the establishment and seniority 


clauses in collective agreements offer a greater measure of protection. 


During times of expansion in economic activity, the main burden of 
any changes in technology falls on potential jobs, that is, job opportunities 
co not expand as rapidly in the affected establishments as they would have with 
the older techniques. In this case, the most seriously affected group in the 
labour force is the new entrants, who may find it more difficult to enter the 


labour force in traditional occupational or industrial fields of employment. 


In times of declining economic activity, again provided that the 
employing company is affected by the general trend in the industry, total 
employment not only fails to increase but often declines, with the result that 
layoffs become necessary. Because of seniority provisions in collective 
bargaining agreements, the impact of layoffs on plant workers will be greater 


in the case of the younger worker than the older worker. 


Although seniority provisions, generally speaking, protect the older 
worker, it may occur that in one plant employees with several years of seniority 


are laid off, while at another plant which is expanding, new employees are hired 


In no sector of the labour force, however, are adjustment problems 
greater than among the older workers. Older workers, by whom are meant in 
this context individuals approximately 40 years of age and over, have firmer 


roots in locality, usually more extensive family obligations, and a greater 
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investment in terms of time and effort in the job or skill which is displaced 
by the change in technique. Even when older workers are willing to make 
greater sacrifices, they may find age a barrier in obtaining jobs elsewhere 
and may not be flexible enough in outlook and ability to be retrained easily. 
In consequence, they may find it increasingly difficult to obtain alternative 
steady employment at comvarable wages. In this case, hardships are imposed 
on their family and although willing they are able to contribute little to 


the welfare of the country. 


While the various employment security clauses of collective agree- 
ments provide considerable protection for the older worker in general, they 
protect the younger worker less effectively. Because of this, younger workers 
as a group have somewhat different problems. Often displacement due to tech- 
nological change affects them to a greater extent than the older worker, but 
in some ways they are better able to obtain alternative employment. They are 
more mobile, are less attached to locality and environment, have a smaller 
stake in the job or skill from which they are displaced, and, lastly, are 
usually preferred in hiring if other relevant factors are equal. Because of 
age, they may take advantage more readily of various compbtty Beaune LW 
training schemes to improve themselves and learn Arne, tok yar in demand. 
That is not to say that problems associated with training the younger worker 
do not exist, but rather that adjustment to the changing demand for labour is 


relatively easier for them than for the older workers. 


In the case of office workers, problems of adjustment again are 
different. Clerical workers are the group where displacement effects of 


technological changes may be greatest. As noted earlier, these workers at 
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present are primarily women, anc their rate of job turnover is relatively 
high. This means that with some planning individual employers can avoid 
or reduce the need for layoffs by reducing hirings and allowing employment 


to decline through natural attrition. 


This, however, does not solve the problem; it shifts it again to the 
young people who are just entering the labour force, or of course to those who 


are presently unemployed. 


There is another aspect to this problem. The newer types of office 
mechanization--electronic computers-~are making it possible for different 
kinds of office work to be integrated into one combined operation. This 
reduces the need for departmentalization of clerical and related work and thus 
may make many clerical supervisors, at the intermediate levels in the office 
hierarchy, redundant. These workers are frequently older people with many 
years of experience behind then, but only infrequently with the mathematical 
and technical aptitudes basic to the developing computer and related 


occupations. Here, then, is another area of potential displacement. 


The relative decline in clerical supervisory jobs is also signifi- 
cant because it tends to narrow the promotional ladder for many other clerical 
people. This means that the younger clerical workers, if they stay in the 
labour market indefinitely, are faced with the prospect of either remaining 
at relatively low paying and routine clerical jobs, or making a considerable 
leap into semi-professional work in one of the expanding technical or staff 
specialist occupational fields. The latter kind of move is not an easy one 


to make without a good deal of education and specialized training. 
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It is clear then that some significant problems of adjustment have 
and are being created by the technological changes taking place in the 
Canadian economy. A common feature of many of them is the premium which 
they are putting on higher and higher levels of basic education and specialized 
training. Related to this is the growing importance for those now in school 
to understand in some effective way, not only the key facts about how the 
world of work is changing, but also some of the actual relationships between 
what they are studying and what they will be called on to do in their working 
lives. If young people cannot see, in more than abstract terms, how their 
studies today relate to their work and careers tomorrow, then they are left 
only too vulnerable for the empty attractions of an immediate job with an 
apparently steady income and not very demanding work. From the resulting 
school drop-outs will come the unskilled and semi~skilled unemployed of the 


future . 


It should be emphasized that the research on which these comments 
are based is not yet complete. It needs to be extended in several directions. 
Not only are there areas where little or no research has yet been done, 
but also the situation is changing so much that some of the facts brought 
to light are already becoming obsolete. It is clear that systematic and 
reliable information about technological change and the various adjustments 
it generates needs to be assembled so that the manpower and training problems 


arising can continuously be evaluated and solutions sought. 
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Table 2 


PERCENTAGE CHANGES IN THE AVERAGE EMPLOYMENT OF SELECTED OCCUPATIONS IN 
FIVE MANUFACTURING INDUSTRIES, BASED ON AVERAGS EMPLOYMENT FOR _1950- 
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